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Abstract
The residential sector is a major contributor to energy consumption and carbon emissions. The concept of energy-
efficient house appeared as a response to the need to reduce energy demand in this sector. Energy-efficient houses 
have been designed and constructed widely in cold regions, the concept is however still under experimentation in 
extreme hot and arid climates such as in the Gulf Cooperation Council (GCC) region where the priority is to reduce 
space cooling load. This paper examines the concept of energy-efficient house and its applicability to the GCC 
region by reviewing two case studies where energy-efficient houses were designed and constructed. The paper 
concludes with GCC-specific considerations regarding the design and construction of energy-efficient houses and 
recommendations for future research.
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1. Introduction
Kyoto protocol triggered political and public concern regarding the effect of energy use on climate change and 
environmental degradation, resulting in a move at a global level toward a low-energy consumption culture. As a 
response to this, many countries have put in place energy reduction measures in several fields including industry, 
transport and building. 
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The building sector is a major energy consumer and contributor to the greenhouse gases emission and ozone layer 
depletion (United Nations Environment Programme, 2009). Pe´rez-Lombard, et al. (2008) found in their review of 
the World energy use that the building sector consumes between 20% and 40% of the total energy used and 
exceeding other major sectors such as transportation and industry. Another research suggested that the global 
average of energy used in building is about 36% (Elgendy, 2012).  The building sector in the US for example 
consumes 40% of total energy produced (US Department of Energy, 2010). In Singapore, a hotter country, the figure 
is as high as 57%  due to the continues need for space cooling (Dong, et al., 2005). These figures are expected to 
increase due to the rapid growth in the World’s population which has been resting in an inflation in the building 
sector size.  
Among all building types, the residential sector contributes to an average of 27% of the total energy used by the 
building sector (Elgendy, 2012). In Canada for example, the residential sector uses 16% of the total energy produced 
in the country accounting for 14% of the total greenhouse gas emissions (Natural Resources Canada, 2013). The 
figure for the US is 22% and for the UK is 28% of the total final energy use (Pe´rez-Lombard, et al., 2008). The high 
energy consumption in the residential sector creates an opportunity for energy saving if effective energy efficiency
measures are put in place. 
This opportunity was realized by the building sector community and supported by the maturation of the concern 
about the environment, the global interest in building performance in terms of energy use, and the unprecedented 
increase in oil prices. As a response, the concept of energy-efficient house has emerged based on inspiration from
vernacular and traditional architectural practices and supported by modern technologies. Although principles of 
energy-efficient houses can be applied to any building type, most of the built energy-efficient buildings are 
residential (Mekjian, 2014). Since the concept appeared, many terms were used. For example, passive house, Near-
zero energy house, high performance house and green house are all relevant terms. Arguably, the first passive house 
constructed in the modern era was in Germany, Darmstadt, in 1991 (Mekjian, 2014).
An energy-efficient house is simply a house that achieves high thermal comfort with excellent air quality at 
minimum energy consumption. It is the house that makes use of day light, natural ventilation, shading devices and 
strategies, appropriate orientation on the site, optimized geometrical properties, suitable surface-to-volume ratio, and 
have no or minimum thermal bridges with super thermal insulation ,double- or triple-glazed windows with inert gas 
between panes, and air-tightness to maintain comfortable temperature along the year with minimum energy 
consumption while utilizing solar power to produce its energy needs, as well as treatment and recycling of waste 
including gray water. The Passive House Institute (PSI) sets up the technical specification for energy-efficient 
houses as follows: space heating/cooling energy consumption of no more than 15 kWh/m2/year, airtight building 
VKHOO$&+#3DSUHVVXUHDQGSULPDU\HQHUJ\GHPDQGRIQRPRUHWKDQN:Km2/year (Mekjian, 2014).
This could be achieved by using passive design strategies such as super thermal insulation and reduction of thermal 
bridges, Figure (1).    
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Figure 1. Possible passive strategies to achieve the Passive House Institute Standards (source: Grove-Smith, 2010)
Passive houses could save a significant amount of energy used in the residential sector. The cut in energy 
consumption as a result of using proven strategies and technologies is estimated to reach between 30% and 80% by 
The United Nations Environmental Program (UNEP) (United Nations Environment Programme, 2009). Other 
research found that between 29% and 32% of energy consumption in residential building could be saved as a result 
of using passive strategies (Emery & Kippenhan, 2006). In addition to the passive design strategies, the house could 
utilize renewable resources such as solar energy to produce its reminding energy needs.
The European Parliament Industrial Committee recommended that starting from 2019 all new buildings, 
including residential building, should produce as much energy as they consume. The recommendation was adopted 
by the Parliament and all members were obliged to provide intermediate national target to reduce energy 
consumption in building for the period 2015-2020 - cited in (Venckus, et al., 2010). Consequently, many 
municipalities have adopted principles of sustainability to all new buildings. For example, Frankfurt passed 
legislation in 2007 ensuring that all new buildings are built by the city or for the city be constructed in a way that it 
adopts principles of passive design. Similarly, it became mandatory for all new residential and non-residential 
buildings in Brussels, the capital of Belgium, to adopt such design approach as from January 2015 (Mekjian, 2014).
While such a move is barely noticeable in some Arabic country, several GCC countries have overseen the 
importance of this issue. For example, The Dubai Integrated Energy Strategy 2030 calls for reducing energy demand 
in Dubai by 40% by 2030 with the most substantial improvement opportunity identified to be in the buildings sector 
-commercial and residential- which is Dubai’s largest consumer of energy. To support this, a framework is under 
development to support solar rooftop installation in Dubai that includes regulatory and institutional changes and 
pricing mechanisms (Supreme Council Of Energy, 2014).
In spite of the fact that the energy-efficient house was first introduced in cold regions, the concept and methods 
can be applied to hot and arid regions such as the GCC countries. In hot climates, the aim of the energy-efficient 
house is to reduce space cooling load as opposite to reducing space heating load in cold regions. Hence, the design 
strategies, construction details and technologies need to be customized to meet the local conditions. It is the time 
now therefore for the GCC countries to start a large scale program to promote the use of principles of energy-
efficient house in the residential sector.
This paper reviews two case studies where energy-efficient houses were design and constructed in GCC countries 
as pioneer endeavor to test the feasibility and efficiency of the energy-efficient house concept in such a harsh 
climatic condition. The paper concludes with GCC-specific considerations with regards to the design and 
construction of energy-efficient houses and recommendation for future research.
2. Energy-efficient house in the GCC region
Although the term “energy-efficient house” is relatively new to the GCC countries, its principles have been used 
in the vernacular architecture from a long period of time.  It is known that the design of vernacular houses was 
evolved in a response to socio-cultural and climatic conditions.  Before electricity, houses were constructed in the 
GCC region with great focus on passive design measures to prevent the unwanted heat while providing the needed 
ventilation, natural light and privacy. In Oman for example, courtyards, thick mud/baked bricks walls, small opening 
to outside and compacted layout are some of the main passive strategies used in the vernacular house design of the 
region (Al-Hinai, et al., 1993). 
After the discovery of the oil in the region, the availability of electricity, new construction materials, and new 
technologies, houses have become heavily dependent on air-conditioning systems to achieve comfort. In an attempt 
to pursue a modern life style, substantial social and climatic architectural features, such as the courtyard, were 
neglected in the new house design (Abdu-Majid, et al., 2012). 
The deviation from principles of the vernacular architectural design has increased as the region entered the 21 
century with great influences from the West. De-attached houses were built and glazed facades were widely used in 
an attempt to show modernity. This is in spite of the fact that such design strategies require more energy for cooling 
due to high level of heat gain, poor insulation and  larger exposed envelop area making the house susceptible to solar 
radiation (St.Clair, 2009). Such design strategies have coupled with low energy prices in the region leading to a  high 
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energy consumption rate in the residential sector. 
Despite the general awareness about the importance and relevance of energy-efficient design strategies in 
buildings; design guidelines, local standards and codes are rarely adopted in GCC region. Kuwait mandated an 
Energy Conservation Code of Practice in early 80s by specifying minimum requirements for energy-efficient use in 
all new and retrofitted buildings which has been updated recently in 2010 (MEW, 2010). In the first meeting of 
GCC’s ministers of electricity in 1984, thermal regulations were recommended to be voluntarily adopted by the 
GCC country’s members (Gulf Countries Electric Energy Conservation Committee, 1984). The regulations set 
minimum levels of thermal resistances (R-values) of 1.35m2K/W for walls and 1.75m2K/W for roofs. These 
voluntarily requirements appeared in building regulation issued in 1992 by Muscat Municipality, Oman (Muscat 
Municipality, 1992). In Saudi Arabia, the energy conservation requirements for different housing typologies are 
provided in a separate section of the 2007 Saudi building Code version (The Saudi Building Code, 2007). These 
requirements are based on the International Energy Conservation Code (IECC) of USA with considerations for local 
climates. In Dubai (a major city in United Arab Emirates), the *UHHQ%XLOGLQJ5HJXODWLRQVDQG6SHFL¿FDWLRQVZDV
developed and put in action in 2014 as a mandatory requirement of all new and existing buildings. 
In the last decade, the promotion of sustainability by different international organizations such as the USA Green 
Building Council has triggered many regional countries to develop their own sustainability framework rating 
systems (Attia S., 2014). The energy in buildings is a major compliance component of these rating systems. The 
Government of Abu Dhabi, for example, developed the Estidama Pearl Rating System for all new developments in 
Abu Dhabi during 2010. In Qatar, the Qatar Sustainability Assessment Systems (QSAS) was developed during 2007-
2010 which is later known as Global Sustainability Assessment System (GSAS). Some GCC countries have slowly 
progressed in this direction. Oman, for example, is still behind in this matter due to the long-over-due absence of a 
regulatory body in the field of architecture and energy consumption. This has resulted in a lack of Oman-specific 
“green” regulations and guidelines as well as absence of effective “green” public awareness campaigns and 
information programs. 
While most of the local regulations and guidelines in the GCC countries focus on buildings in general, they lack 
specific and customized focus on residential buildings. Residential-specific green guidance need to be developed and 
tested in this region due to the special nature of the function of these buildings and their sensitivity to the cost, 
occupant behavior and their significant carbon footprint.   
As a response to this issue, a couple of experimental energy-efficient houses have been built in the region to test 
the feasibility, energy performance and cost efficiency of these houses in comparison to its business-as-usual 
counterpart. The focus is on the typical GCC family dwelling which is a de-attached house. We briefly describe here 
two of these initiatives namely SQU Oman Ecohouse and "Baytna" - Qatar's first passive house experiment.
Energy data from these experimental houses in Oman and Qatar is not yet available. Hence, we limit our review 
to the design strategies used as the aim is to raise awareness of the existence of these houses. Once the energy 
performance data is collected and analyzed, the results will shad a light on the feasibility of the energy-efficient 
houses in the extreme hot weather conditions. It is hoped that the results will allow a better understanding of the 
potential of energy-efficient house application in Oman and other countries facing similar climatic and resources 
challenges such as in the GCC.
2.1. SQU Ecohouse-Oman
Oman, similar to other neighboring countries, is also foreseeing the benefits of the design and construction of 
energy-efficient buildings. It became necessary to examine the feasibility of the existing low energy building design 
and construction strategies in order to adapt what is found to be appropriate or suggest new ones that suit the Omani 
conditions. 
The first step in this direction has been taken by The Research Council (TRC) in Oman who introduced The 
Oman Eco-House Design Competition in 2011. A significant aspect of this competition is that it aims at not only 
design, construct and operate an energy-efficient house in Oman but requires competitors to involve youth in this 
process in order to enhance public awareness and built national capacity of sustainability issues in the Omani 
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building sector. In total five Omani universities has participated in the competition. We review here Sultan Qaboos 
University’s Eco-house. This house is one of the first research-based attempts to design, built and operated an 
energy-efficient house in Oman based on collaboration between academic, governmental and industrial local bodies. 
The house feature a compacted form with two-story with around 280 m2 built up area and a total height of 8.6m. 
The house was designed to fulfil the living pattern of the modern Omani family while respecting social norms. The 
house uses references from the vernacular architecture to emphasis the depth of the Omani architecture and its 
historical and traditional roots. The typology of traditional houses was studied and the idea of the courtyard as 
climatic and social element was revisited to inform the design. The resulted design included two courtyards, north 
and south courtyards, which render the building form into H-form creating better air flow in the building while 
enhancing the indoor-outdoor connectivity. The house is shown in Figure (2). 
Several passive strategies were used. A carefully designed shading system was developed and supported by a 
double-shell system where a perforated second structure is introduced outside the main building in order to provide 
protection from direct solar radiation. This created a shaded cavity between the two shells where air current cools the 
in-between air and reduces heat gain in the main building. Optimized oriented courtyards, differences in air 
temperature and pressure, and carefully designed window openings were teamed up to maximize nature ventilation. 
Landscaping was also utilized to moderate the microclimate of the site, provide shading in the needed directions, and 
control air currents. With these strategies, the project aims to achieve comfort by natural ventilation alone for four 
months (Anon., 2014). 
Figure 2. SQU Ecohouse - Oman (source: the authors)
On a construction level, the externals walls were well insulated and consist of three layers:  external layer of 
100mm thermal blocks, 50mm insulated cavity, external layer of 100mm thermal blocks. The roof is fully shaded 
and incorporates also a 100mm thermal insulation layers. 
With the above mentioned strategies, it is anticipated that 40% of energy consumption will be saved in the Eco-
house when compared to its business-as-usual counterpart. Energy simulation of the house suggests that the Eco-
house will consume 155kWh/m2/year, whereas, its business-as-usual counterpart requires around 250 kWh/m2/year.  
Although this value is higher than the required value by the Passive House Institute which is 120 kWh/m2/year, the 
primary energy consumption of the Eco-house could be improved by including energy recovery systems, LED lights 
and more efficient cooling system (Anon., 2014).
The roof top of the house is equipped with 156 m2 of 20 kW-peak PV panels that supplies all the power needed 
by the house during day time and provide shading to the roof to reduce solar gain. The PV panels orientation was 
optimized at  23.5° from horizon to provide maximum energy (Anon., 2014). The house, after completion, will be 
occupied by a local family and monitored for energy efficiency, energy balance, and livability. 
2.2. Baytna- Qatar
The Baytna villa is probably the first energy-efficient house experiment in the region. The house is being 
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undertaken by Qatar Green Building Council as the technical and scientific adviser and in partnership with several 
industrial and governmental bodies.   
The significance of this project lies in the fact that the project consists of two identical villas in terms of size, 
spatial arrangements and comfort requirements, Figure (3). They differ in the design specifications as one of them 
was design based on passive house strategies with solar panels whereas the other is designed in a similar way to its 
conventional villas in Qatar to act as a control case. This allows a comparison between the two houses in terms of 
energy consumption, CO2 emissions, cost effectiveness, comfort levels, and occupants satisfaction.  
The energy efficient villa was designed according to the Passive House Institute standards in order to achieve at 
least 50% reduction in annual operational energy consumption, water usage, and CO2 emissions when compared to 
its conventional twin house. The project aims to achieve this reduction with no more than 20% additional capital cost 
of the capital cost of the conventional house. The house has the following “green” features (Amato & Skelhorn, 
2014):
x Wall construction: 370 mm extruded polystyrene insulation with ¾ mm external render finish and 200 
mm masonry wall (compared to 150 mm external /100 mm internal concrete block with 50 mm air gap
in the twin conventional house). 
x Triple glazed windows and doors.
x Skylight in atrium with louvres that open/close with sun angle. 
x PV array with a peak power of 34 kW. 
x Black and grey water recycling.  
Figure 3. Baytna - Qatar (source: Amato & Skelhorn, 2014)
With these properties the house is expected to produce all of its energy requirements and feed the excess 
electricity to the grid. The two villas will undergo a six month period of testing to compare the villas’ base line 
performance without occupants. Then this stage will be followed by inhabiting the two houses with locals for a 
longer period. Continuous measurements of the villas’ energy performance will be recorded during the occupancy 
period.
3. Considerations for the GCC countries
Although there are over 50,000 passive house in use worldwide in 2013 (Mekjian, 2014), they are mostly located 
in cold regions. To the authors’ best knowledge, the concept of energy-efficient house in harsh environments such as 
in the GCC region is still under experimentation. 
While the energy-efficient houses reviewed above are quite important step toward energy-efficient culture in the 
GCC region and in spite of the fact that the concept of energy-efficient house and its underlying principles are 
appealing and might be a necessary need for the GCC countries in the not-so-far future due to the depletion of the oil 
reservoir which forms the main income for these countries, the move toward energy efficient house culture in the 
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GCC region need to take into consideration several additional issues. 
Research showed that the capital cost of energy-efficient house is higher than its business-as-usual counterpart 
(Ashrae, 2006), (Galvin, 2014). The running cost is however less due to the cut in energy consumption. In the GCC 
region the cost of the design and construction of energy-efficient houses could be significantly higher than its cost in 
the western countries due to the unavailability of green martials and technologies. These have to be imported from 
industrial countries which will add to the already high capital cost of the energy-efficient house. Future studies 
should carefully consider the payback period for the additional investment required by the energy-efficient house 
and take in to consideration inflation rates and stability of oil prices. 
Another factor that is likely to add to the capital cost of energy-efficient house is the lack of experienced labor 
and professional in the field of green design and construction. Earlier work has identified six challenge associated 
with the implementation of the sustainable construction in Oman namely cost effectiveness, project delays, limited 
availability of green materials, lack of awareness among the public, lack of trained labor and professionals, and the 
absence of environmental legislation (Salah & Alalouch, 2015).
Since green martials will be imported to the GCC region, the life-cycle-energy demand for the house is likely to 
be higher due to the transportation involved in the exportation process. Therefore, embodied energy should be 
include in the calculations of energy demand of energy-efficient houses in the GCC region and worldwide.  
Another factor to be considered is the occupant’s behavior. Research showed that occupant’s behavior pattern and 
how they use the house has a significant impact on the house’s energy performance (Vine, et al., 1982). Any serious 
attempt to implement energy-efficient houses in the GCC region should study people’s behavior and preferences in 
these countries as there are strong cultural and traditional practices that might influence both space requirements and 
energy use such as privacy. These practices should guide the design of the house to meet the requirement of the 
modern life style while respecting the cultural norms. In addition, there has been a lack of information programs and 
green awareness campaigns to rise GCC citizens awareness of the importance of energy saving measures. 
Lastly, several research showed that there is a “performance gap” between the actual and the predicted energy 
consumption, se for example (Wingfield, et al., 2011). Simulation-based predictions of energy demand could 
significantly differ than the actual demand when the house get constructed and occupied.  This heights the 
importance of the case studies reviewed in this paper as ,once completed and monitored for energy performance, 
they will provide a reliable measurements that are based on actual energy performance of energy-efficient houses in 
the GCC region. 
4. Conclusion   
Although the concept of energy-efficient house proved feasible in cold regions, its applications in extreme hot 
and arid climates are still not exclusive. The modern energy-efficient house is relatively a new concept  to the GCC 
countries as only few energy-efficient houses are being built and monitored for energy performance, cost and 
livability.  Although the concept is still under experimentation, it carries a good potential to save energy required for 
space cooling in the residential sector. If proved viable, a substantial amount of energy could be saved and the 
already high carbon footprints of the residential sector in this region could be reduced. 
Although there are a couple of attempts to construct energy-efficient houses in the GCC region, the effort is still 
not enough. The energy-saving culture need to be promoted in this region by the governments, construction industry, 
educational bodies, and the concerned civil societies.
The move toward energy-efficient house in the GCC region should be guided by measured data and not 
simulation-based predictions of building performance. Future research in this area should consider the whole-life-
cycle-energy demand and the additional cost that is likely to result from importing green materials and the cost of the 
trained labor and professionals. It is important also to study occupant’s behavior in terms of energy use. The design 
should respect social and cultural norms while meeting the needs of the modern life style. 
Governments of the GCC countries play an important role in establishing, and later spreading, an energy-saving 
culture. Green incentives and green mortgagees as well as effective awareness programs and information campaigns 
are some strategies that governments in the GCC region might employ as a starting point toward an energy-saving 
culture in the GCC region.  
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